Abstract Through large-scale sequencing of genomic DNA from human chromosome 8p22-p21.3 we have isolated two novel genes, designated GK1 and G5. Their predicted products showed no significant similarity to any known proteins in public databases. A comparison of GK1 cDNA sequences, which encode a 1270-amino-acid protein, with corresponding genomic DNA sequences revealed that this gene consists of 15 exons and spans an approximately 113-kb genomic region. Northern blot analysis revealed ubiquitous expression of 7.0-and 4.4-kb transcripts; in addition, we detected a 5.0-kb skeletal muscle-specific transcript and a 4.0-kb transcript specifically expressed in heart and pancreas. Computer and immunocytochemical analyses of a GK1 Green fluolesent protein (GFP) fused construct indicated that the gene product, which contains putative leucine-zipper domains, was likely to be a mitochondrial protein. The other novel gene, G5, expressed four transcripts (4.2, 2.2, 1.7, and 1.0-kb) ubiquitously; the longer three transcripts, which differed only in the 3Ј-non coding region, encoded identical 397-amino-acid peptides. The G5 gene consists of 14 exons and spans approximately 52 kb of genomic DNA; its deduced 397-amino acid product appears to contain coiled-coil domains and a proline-rich region, and to be located in cytoplasm.
Introduction
Recent progress in the development of large-scale DNAsequencing technologies and bioinformatics has been contributing to rapid and efficient identification of novel genes. High-throughput automated fluorescent sequencers, as well as high-capacity computation using sophisticated algorithms, have already yielded a huge quantity of DNA sequences from human and other genomes.
Identification of genes from within genomic DNA sequences has become easier since the advent of two computer-assisted in silico cDNA cloning methods. One of them involves searching for homologies between new genomic DNA sequences and the expressed sequence tag (EST) database; more than 800000 ESTs, representing 40000-50000, genes have been archived so far (Rowen et al. 1997) , and the number is still growing. The second method applies programs such as GRAIL (Uberbacher and Mural 1991) , FEXH (Solovyev et al. 1994) , and GENSCAN (Burge and Kerlin 1997) to predict exons from anonymous genomic sequences with reliable sensitivity and accuracy (Claverie et al. 1997; Elkahloun et al. 1997; Ishikawa et al. 1998; Daigo et al. 1999) . Thus, sequencing large genomic regions and "trapping" genes within those sequences with the assistance of computer analysis has become a highly efficient and powerful approach for identification of novel genes.
We have been performing large-scale genomic DNA sequencing of the 8p22-p21.3 region, where loss of heterozygosity (LOH) is frequently observed in carcinomas of liver, lung, colorectum (Emi et al. 1992) , and prostate (Bergerheim et al. 1991) . Computer analysis of these genomic DNA sequences by GRAIL2 (Xu et al. 1994) and GENSCAN identified 11 genes in this region. We report here the isolation and characterization of 2 of them, both novel: GK1 and G5. The product of GK1 is likely to be located in mitochondria and may be associated with protein-protein interaction. The G5 product may also be associated with protein-protein interaction, but it appears to be located in cytoplasm.
Molecular cloning and characterization of two novel genes on chromosome 8p21.3
Materials and methods

DNA sequencing
Two BAC clones (15504 and 54f05) and three cosmids (A266, 3040, and A260) corresponding to genomic DNA on human chromosome 8p21.3 were sequenced by a combination of shotgun and primer-walking methods (Daigo et al. 1999) . DNA sequences were assembled by means of ABI "Auto Assembler" computer software (Norwalk, CT, USA). Direct-cosmid sequencing, using primers designed from the end-sequences of assembled segments, filled gaps between segments.
Isolation of cDNA
We used GRAIL2 and GENSCAN to analyze genomic DNA sequences from the target region, and the Repeat Masker program (Washington University, Seattle, Washington, USA) to screen DNA sequences for interspersed repeats such as Alu and L1. The BLAST algorithm (Altschul et al. 1997 ) was used to compare similarities and identities with known genes and EST sequences in the GenBank and EMBL databases. To investigate whether predicted candidate exons were actually transcribed, exon-connection experiments by reverse-transcriptase polymerase chain reaction (RT-PCR) were performed as described previously (Horii et al. 1993) . Connected cDNA fragments were used as probes to screen cDNA libraries constructed from human umbilical-vein endothelial cells (HUVEC) and K562 (a cell line that originated from chronic myeloblastic leukemia).
Northern blot analysis
Human multiple-tissue blots (Clontech, Palo Alto, CA, USA) were hybridized with cDNA fragments labeled by random-oligonucleotide priming. Prehybridization, hybridization, and washing were performed according to the supplier's recommendations. The blots were auto-radiographed with intensifying screens for 72 h at Ϫ80°C.
Green fluoresent protein (GFP)-fused protein assay
To investigate the intracellular locations of GK1 and G5 proteins, we constructed plasmids to express GFP-GK1 or GFP-G5 constructs. The coding sequences of each gene, including the translation-initiation site, were amplified by Pyrobest DNA polymerase (TaKaRa, Otsu, Shiga, Japan) using human uterus cDNA as template, and inserted into plasmid pEGFP-N1 (Clontech, Palo Alto, CA, USA). The constructed vectors were verified by sequencing on an ABI PRISM 377 instrument and purified by equilibrium centrifugation in CsCl-ethidium bromide gradients.
HepG2 (a cell line that originated from hepatocellular carcinam) cells were maintained in Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum, in 35-mm dishes. At 40%-50% confluence, the cultures were transfected by lipofection with 2µg of one or the other constructed plasmid. After a 4-h incubation, the cells were washed with fresh medium and incubated for an additional 24 or 48 h. After one or the other of these incubation times, cells were stained with 4Ј, 6-diamidino-2-phenylindole (DAPI) and examined by fluorescence microscopy.
Immunocytochemical analysis
After transfected HepG2 cells were fixed for 1h in 4% paraformaldehyde/phosphate-buffered saline (PBS), their membranes were rendered permeable by incubation in 0.2% Triton-X100 in PBS. The cells were incubated overnight in blocking serum (2.5% normal goat serum in PBS), then for 1h at room temperature in the presence of polyclonal murine antibody to human mitochondria, for 1h in PBS containing rhodamine-conjugated goat anti-mouse secondary antibody, and for 30min for DAPI staining. Images were acquired by fluorescence microscopy.
Results
Isolation of GK1 cDNA clone
Computer analysis of genomic DNA sequences corresponding to two BAC clones, 15504 and 54f05, and a cosmid clone, A266, predicted 63 possible exons (38 fragments by GRAIL2 with an excellent score and 42 fragments by GENSCAN; 17 were predicted as exons by both programs). Of these exon candidates, 5 (all predicted by GENSCAN) were identical to parts of a single EST sequence (GenBank Accession No. AA459720). To learn whether these exonlike fragments were in fact transcribed in human tissues, we synthesized oligonucleotides corresponding to the candidate regions and performed exon-connection experiments (Fearon et al. 1990 ). RT-PCR experiments and subsequent DNA sequencing confirmed that all 5 exon-candidate segments were parts of the same transcript. To define the 5Ј-and 3Ј-ends of the transcript we screened two human cDNA libraries, one derived from umbilical-vein endothelial cells and the other from K562 cells, and obtained 16 positive clones. The assembled cDNA sequences consisted of 4252 nucleotides, including an open reading frame of 1308 nucleotides. Northern blot analysis had detected transcripts of 7.0 and 4.4kb in all human tissues examined; we also detected a 5.0-kb skeletal muscle-specific transcript and a 4.0-kb transcript specifically expressed in heart and pancreas (data not shown); this cDNA was considered to correspond to the 4.4-kb transcript. To obtain the cDNA corresponding to the 7.0-kb transcript, we performed additional exon-connection experiments and obtained a cDNA of 6362 nucleotides, including an open reading frame of 3810 nucleotides. Comparison of cDNA and genomic DNA sequences defined 15 exons spanning approximately 113 kb of genomic DNA (Fig. 1) . Table 1 documents the nucleotide sequences around the exon-intron boundaries.
Characterization of the GK1 gene product A search for homology of the predicted product of the 4.4-kb GK1 transcript (436 amino acids), using the FASTA program (GenomeNet, Human Genome Center, University of Tokyo, Tokyo, Japan) revealed 24% identity in amino acids (98 identical in 409 amino acids) with Rat synaptonemal complex protein 1 (Meuwissen et al. 1992) . The PSORT sequence analysis program (Horton and Nakai 1996) predicted that GK1 is likely to be a mitochondrial protein which has two coiled-coil structures with a leucine-zipper pattern within the coiled-coil conformation (Fig. 2) . The Nterminus of GK1 is rich in basic amino acids.
Immunocytochemical analysis, using a GFP-fused GK1 protein, revealed granular bright green signals in the cytoplasm of HepG2 cells (Fig. 3a) . The red signals that resulted from staining with antibody to human mitochondria (Fig.  3b) overlapped the green signals of the fusion product (Fig.  3c ), indicating that GK1 was indeed a mitochondrial protein, as the computer analysis had predicted.
Isolation of a G5 cDNA clone
Computer analysis of genomic DNA sequences present in two cosmid clones (3040 and A260) predicted 25 possible exons (8 by GRAIL2, 8 by GENSCAN, and 9 by both). Four of them (3 predicted by GENSCAN, 1 by both programs) were identical to one EST sequence (GenBank Accession No. N34601). Using this EST sequence as a probe, we searched the EST database and obtained an overlapping EST (GenBank Accession No. H02721) which contained DNA sequences identical to 3 additional computer-predicted exons (1 by GENSCAN, 2 by both programs). RT-PCR and subsequent DNA sequencing revealed that all 7 exon-candidate segments were, in fact, parts of the same transcript. We then screened human testis and umbilicalvein endothelial-cell (HUVEC) cDNA libraries, and obtained ten positive clones. The assembled cDNA sequences consisted of 3296 nucleotides, with an open reading frame of 1191 nucleotides. The comparison of cDNA and genomic DNA sequences finally defined 12 exons spanning approximately 52 kb of genomic DNA (Fig. 4) . Table 2 summarizes the nucleotide sequences around the exon-intron boundaries of the G5 gene.
Northern blot analysis revealed that transcripts of four different sizes (4.2, 2.2, 1.7 and 1.0 kb), corresponding to 4 types of cDNA, were expressed in all human tissues examined. However, skeletal muscle, heart, and testis seemed to express the 2.2-kb transcript more abundantly than other tissues (data not shown).
Characterization of the G5 gene product A search of protein databases, using the FASTA program to detect homologies with the predicted 397-amino-acid protein, revealed that the amino acid sequence of G5 pos- sessed 26% identity to the tyrosine phosphatase 99A precursor of Drosophila (Rubin et al. 1991) . The homology was limited to a region containing casein kinase 2 phosphorylation sites and N-myristoylation sites of Drosophila tyrosine phosphatase; no significant homology was seen in the catalytic tyrosine-phosphatase domain. The PSORT sequence analysis program (Horton and Nakai 1996) predicted G5 to be a nuclear protein. However, immunocyochemical analysis of GFP-G5 fused protein detected bright green signals in the cytoplasm of HepG2 cells (Fig. 6) , indicating that the gene product is more likely to be a cytoplasmic protein. G5 protein appeared to have two coiled-coil structures in which three or four heptad repeats of hydrophobic residues, including valine, were present in the coiled-coil conformation. In addition, two proline-rich regions (18% and 21% in codons 70-163 and 191-232, respectively) lie between the coiled-coil domains (Fig. 5) .
Discussion
By combining genomic DNA sequencing with a computerassisted in silico exon-identification method, we have isolated and characterized two novel human genes, termed GK1 and G5, on chromosome 8p21.3. GK1 appears to be a mitochondrial protein, whose N-terminal region is rich in basic amino acids, and contains two putative leucine-zipper motifs and 27 phosphorylation sites. Some known mitochondrial proteins also contain the leucine-zipper motif. For example, human mitochondrial transcription-termination factor, mTERF, binds to DNA as a monomer, although multiple intramolecular leucine-zipper interactions are required to bring the two basic domains into close register with the mTERF-target DNA sequence (Fernandez-Silva et al. 1997 ). Tim23, a key factor for importation of proteins across the inner mitochondrial membrane, forms dimers through its leucine-zipper motif in a membrane voltagedependent manner (Bauer et al. 1996) . The leucine-zipper domain of GK1 may also be important for maintaining this protein's biological function.
The second gene reported here, G5, showed partial similarity to the tyrosine phosphatase 99A precursor of Drosophila (Rubin et al. 1991) . Its encoded amino acid sequence contains two coiled-coil motifs and two proline-rich regions. The photomicrograph was made 24 h after transfection. 4Ј, 6-diamidino-2-phenylindole (DAPI) has stained the nucleus blue; bright green signal indicates the location of the fusion protein G5 protein appears to be located in cyto-plasm, suggesting that it may be associated with a variety of cellular functions through its coiled-coil domains in which heptad repeats of hydrophobic residues produce amphipathic α-helical segments (Lupas et al. 1991) . Although both G5 and GK1 have been partially characterized by computational analysis and expression profiles, their precise physiological and pathophysiological roles remain to be clarified.
